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Tém tit: Phan tich tdi wvu hoa s& duge mo rong sang cac nguyén mau giam chidn MR va danh gia hiéu suat
cta chung. Nghién ctru nay st dung phuong phap phan tir hiru han dé phan tich s6 va téi vu hoa cac giam
chan sir dung chat long tir bién (MRF, con goi la giam chan MR). Néi cach khac, nghién ciru nay trinh bay
cach phan tich va t01 wu hoa giam chin MR bang phuong phap phan ttr hitu han va tinh ning t6i uu hoa
thiét k& do phin mém ANSYS Workbench cung cép. Sau khi tim hiéu cac nghién ctru trudc day vé giam
chan MR thi loai giam chan dang dng don s& dugc st dung dé phén tich mach tir va hanh vi trong (mg dung
phan mém phan tich tham s6 ANSYS (APDL). Ngoai ra, dua vao mo hinh déo Bingham cua chat 1ong luu
bién MR, cdc md hinh toan hoc cia giam chidn MR nhu lyc giam chin va pham vi hoat dong s€ duoc thiét
lap. Cong cu tbi wu hoa thiét ké ANSYS Workbench sau d6 tién hanh tdi wu hoa thiét ké bang cach lién két
v6i APDL d phan tich hanh vi ctia giam chdn MR. Ham muyc tiéu (OBJ) duoc thiét 1ap dé giam thiéu ham
muc tiéu twong (mg tai nhiéu cau hinh khac nhau. Tl hiéu suat tdi wu ciia cac phuong phap khac nhau,
nghién ctru s& so sanh luc giam chin va pham vi déng hoc gitta cac phwong phap t6i wu khac nhau trong
cong cu tdi wu héa ANSYS Workbench ciing nhu giita thiét k& ban dau va thiét ké t6i wu nhdm tim ra
phuong phap tdi uu tét nhit cho giam chan MR.

Tir khéa: Chét 16ng tir luu bién, Giam chdn MR, Tdi uu hoa, ANSYS Workbench

1. GIOI THIEU

Trong dao dong n6i chung thi yéu ciu ky thut quan trong nhét 13 kiém soat dao dong khong mong mudn,
trong d6 dao dong cua hé thdng treo xe 6 td gay ra trong quéa trinh hoat dong cua 6 t6 khac nhau ciing 1a
mot van dé dang quan tam. Viéc giam rung dong gitip kéo dai tudi tho ciia cac bo phan xe, mang lai trai
nghiém lai thoai mai va tang d9 6 6n dinh khi diéu khién. Cac hé thdng treo hién nay cé nhiéu phuong phap
treo duoc str dung phd bién trong k¥ thuat 6 to nham loai bé rung dong tir than xe thong qua 16 xo va giam
chan (giam x6c). Do d6, hé thdng treo c6 thé dugc phan loai thanh ba loai: thu dong, chu dong va ban chu
dong [1]. Vi hé thong treo thu dong, méc du cd thiét ké don gian (gorn d6 cimg c6 dinh va giam chan),

nhung gi6i han vé hiéu suét 1a khong thé tranh khoi ¢ dai tan s cao. Diéu nay khién hé thong treo thu dong
khong thé cung cip kha ning cach ly rung dong hiéu qua trong diéu kién duong sa thay doi [2]. Dé khic
phuc cac han ché trén, hé thong treo chi dong da dugc phat trién va sir dung mot bo truyén dong doc lap
dé tao ra luc chit dong Ién hé thong treo nham cai thién diéu kién van hanh. Hé thong nay c6 bo didu khién
phure tap két hop nhleu thudt toan diéu khién dé ting kha ning dap tmg v6i cac ngudn rung dong. Tuy nhién,

hé thong nay yéu cau nguon dién cao, cac bo phén phtrc tap nhu cam bién va dong co servo va thuat toan
diéu khién hién dai. Vi céc ly do trén thi nhu cau ve cac bo phén treo ban chu dong, n6 c6 co ché tich hop
gitip diéu chinh d6 cimg va hé sb giam chan dang ngay cang tang. Diéu nay gitp hé thong treo ban chu
dong hoat dong hi€u qua ma khong can ngudn dién cao hoic thiét bi dat tién. Bén canh d6, giam chan thuy
luc, thudc loai giam chan co hoc, 1a mot trong nhimg dang co ban cua hé thdng treo ban chii dong. Ching
su dung hiéu ing d6 nhét va déc diém dong chay chat 1ong dé giam rung dong. Hé thong piston va xi lanh
chira day chat 16ng duoc thiét ké sao cho khi piston di chuyen so voi xi lanh, mot luc giam chén s& chong
lai chuyén dong d6. Luc giam chan bi anh huong 16n boi cau tric ctia giam chan va dic diém dong chay
ctia chat 16ng 1am viéc va day 1a nhiing yéu té then chét. Tur d6, viée phat trién giam chin ban chu dong sir
dung chit 16ng co thé kiém soat hanh vi dang thu hat nhiéu su quan tim. Gan déy, nhiéu nghién ctru da
dugc thyc hién vé viée phat trién va img dung vat liéu thong minh (chét luu bién tir — MRF) trong hé thong
treo ban chi1 dong ciia xe [3—7]. Khi tir truong dwogc ap dung, cac hat tir hiit nhau va sap xép doc theo duong
stre tir. Hién tuong nay 1am cho chit 1ong chuyén tir trang thai nhdt sang trang thai ban ran [8]. Tinh chat
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nay khién MRF rat phii hop cho h¢ thong giam chan thity lyc ban chi dong vi tir truong c6 thé duoc tao ra
bang cudn day dién tir va dugc didu khién bang cach didu chinh dong dién cap vao cudn day tir ngudn dién
bén ngoai [9]. Do d6, giam chin MR 1a loai giam chan thity Iyc dugc cai tién dé sir dung MRF lam chét
long 1am viéc. Cudn day dién tir trong giam chan MR nhim tao truong tir cho dong chay MRF bén trong
giam chan. Viéc diéu khién dong dién dau vao gitip diéu khién hanh vi dong chay cia MRF trong giam
chan, tir d6 diéu chinh lyc giam chan. Nhiéu nghién ciru da dé xuat nhiéu kiéu thiét ké giam chan MR khac
nhau hoat dong theo ché do dong don, ché d6 hdn hop va ché do da ché do [10]. V6i ché 6 hdn hop, do 1a
su két hop giita ché d6 van va ché do cit. Cau trac giam chin MR hdn hgp bao gom mét khe hé giita piston
di dong cua giam chan va vo xi lanh ¢ dinh. Khi cé chuyén dong tuong ddi giita piston va xi lanh, khe ho
nay cho phép MRF chiy qua dong thoi thé hién hanh vi cat. Hong va cong su da phat trién mot phuong
phap phén tich va thiét ké khong thir nguyén cho giam chin tir luu bién [11]. Két qua cho thay khi 4p dung
phuong phap thiét ké khong thir nguyén cho giam chin MR hoat dong ¢ ché d6 hdn hop 1a hiu qua, voi
luc giam chan va pham vi dong hoc cta hé théng kiém soat rung dong déu c6 thé duge danh gia mot cach
hiéu qua. Cac thi nghiém tiép theo chi ra rang lyc giam chan cia giam chan MR ché d¢ hdn hop duoc tao
ra boi ca ché do van va ché do cat, khién chung hiéu qua hon so v6i giam chén chi str dung ché d6 van [12].
Nguyén va cong sy dd nghién ciru thiét ké ti wu giam chan tir lvu bién trén xe ¢ xét dén luc giam chan va
pham vi dong hoc [13]. Két qua tdi uu cho thay lyc giam chan va pham vi dong hoc ting dang ké so véi
két qua ban dau. Tuy nhién, phuong phap First-Order duge sir dung trong nghién ciru nay phai chon cac
gia tri bién dau dya vao kinh nghiém dé dat hoi tu nhanh hon, va néu lya chon khong phu hop s& khién két
qua toi wu roi vao cuc tri cuc bo. Nguyen va cong su cling da nghién ctru thlet ké t6i uu giam chan MR va
g dung vao hé thong treo xe [14]. K&t qua nghién ciru cho thiy viée t6i wu hoa giam chin MR 1a mot
phuong phéap cuc ky hidu qua va thyc tién dé cai thién hiéu suét kiém soat rung dong cua hé thong treo.
Dutta va cong su da nghién ciru va phat trién mo hinh dong hoc va dong luc hoc phi tuyén cho hé théng
treo MacPherson co6 sir dung giam chan luu bién tir [15]. Két qua cho thay md hinh phi tuyén dugc dé xuat
1a can thlet dé danh gia chinh xéc hiéu sut hé thong treo xe trong diéu kién thyc té, noi ma sy thoai mai
khi 14i, d6 6n dinh va cac thong s6 dong hoc thay doi theo thoi gian thuc dé thich ing véi didu kién duong
s thay d6i. Yoon va cong su da tién hanh nghién ctru vé do phan hdi ciia giam chdn MR dbi v6i dong dién
dau vao trong hé thng treo ban chu dong [16]. Theo két qua nghién cru, cac giam chian MR ding trong hé
thdng treo ban chu dong ciia xe can cung cap thoi gian phan hdi dii nhanh dé cai thién hiéu qua kiém soat
rung dong ¢ ca than xe va banh xe. Mot so6 nghlen ctru ké trén chi tap trung vao cau hinh, thr nghiém luc
giam chén, va diéu khlen lyc giam chén dé giam rung dong trong xe. Tuy nhién, c6 rat it nghién ctru tap
trung vao thiét ke t6i wu va dong thoi so sanh cac két qua tdi wu tir cac thudt toan t6i wu khac nhau nham
tim ra két qua t6i uu nhit cho mé hinh giam chan MR. Do d6, dong gop chinh cta nghién ctru nay la m&
rong cac nghién ctru trude nham tim ra thuat toan t01 vu tot nhat va két qua toi wu tdt nhat cho giam chan
MR. Trong nghién ciru ndy, giam chin MR dang dng don cho hé théng treo xe do Lee d& xuét dugc dua
vao xem xét [17].

6] ph;‘m 2, cAu hinh va mé hinh cta giam chdn MR s& dugc trinh bay. Viéc mo hinh hoa mach tir cua giam
chan MR s& sir dung phuong phap phén tich phan tir hitu han (FEM) qua ANSYS APDL. O phan tiép theo,
t6i uru hoa giam chén MR bang ANSYS Workbench sé& dugc thyc hién. Tu cac két qua phan tich giam chan
MR théng qua phan mém ANSYS APDL & phan 2, cic dic tinh hiéu suat d6 s& dugce st dung trong chic
ning tdi vu hoa thiét ké cia ANSYS Workbench nham tim ra cac tham s thiét ké t6i uu cho giam chan
MR. Nghién ctru ndy s& sir dung ca phuong phap tdi uvu héa cuc bd va toan cuc nham tim kiém gia tri cuc
tri toan cuc trong pham vi xac dinh ciia cac bién thiét ké. Nhiéu phuong phéap va cai dat téi wu khac nhau
s€ duogc st dung dé xac dinh céc tap hop bién thiét ké t6i wu khac nhau. Sau do, cac két qua ti wu tir cac
phwong phap t6i wu khac nhau s& duoc trinh bay va thao luan & phan 4. Cudi cung, phan 5 s& tong két
nghién ciru nay va dé xuét cac huéng nghién ciru trong twong lai.

2. CAU HINH VA MO HINH HOA GIAM CHAN MR

Giam chian MR dang 6ng don dung cho h¢ thong treo xe dugc xem x¢ét trong nghién ctru ny [17]. So do
céu hinh giam chin MR duoc mo ta trong Hinh 1 Vé c4u hinh va nguyén ly hoat dong, giam chan MR nay
¢6 hai 6ng ddng tam. Bén trong 13 mot piston gan truc chuyén dong tuyén tinh trong buong xi lanh. Budng
chat 1ong lam viéc cta giam chin duoc chita diy chit long MRF, va piston chia budng thanh hai khoang.
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Ong ngoai duoc thiét ké dé dan chat 1ong tir khoang nay sang khoang kia, va co cu van MRF duoc dit &
mdi dau xi lanh dé diéu tiét dong chay ciia MRF giita cac xi lanh trong va ngoai.

Can luu y rang khe hd MRF hep dugc tao ra boi trudng tir thong qua cudn day kich tir ndi véi ngudn dién
ngoai trong co ciu van MRF. Mot bo bu chat 1ong bén ngoai duoc st dung dé dam bao khong gian 1am
viéc ludn dugce 1ap day luu chat MRF. Khi piston di chuyén trong budng, MRF duoc truyén tir khoang nay
sang khoang khac qua co cau van. Khi truong tir duoc dp dung, cac hat tir to chirc doc theo dudng st tir
hut nhau, lam ting g suat chay va dé nh6t cia MRF. Diéu nay lam cho hé s giam chén cua giam chin
MR bi anh huéng boi truong tir. Viée didu chinh dong dién cip vao cudn ddy sé thay doi truong tir tai khe
MRF. Do d6, luc giam chan cia thiét bi nay co thé diéu khién duoc thong qua diéu khién dong dién cap
vao cudn ddy. Cau hinh va kich thudc ciia giam chdn MR dugc thé hién trong Hinh 2.

I A—
R TI 7 I T,

MRF

ST

\ - Cyc trung
gl an trong,

khuyén

Hinh 1: So do giam chan [17] Hinh 2: Céu hinh va kich thudc giam chan
Dua theo md hinh déo Bingham cta chét 1’6ng‘ MREF, lyc giam chin va p‘ham vi d(f)ng’ hoc duoc xac dinh tty
mo hinh gia tinh. Lyc ma sat gitra cac phot dau bi bo qua va gia dinh rang giam chan hoat dong theo ché
dd gia tinh. Luc giam chan Fq4 cua gidm chan MR nay c6 thé udc luong theo cong thirc [14]:
Fo =RA +CisXp + Fur SON(Xp) (8]
Trong do, van tdc cta piston va hé sé nhdt cia MRF & trang thai khong c6 tir twong ing 14 X,, Cys . Luc
giam chan giy ra boi hiéu ing MR 12 Fyg . Ap sudt khong khi trong budng khi 1a P, , duoc xac dinh boi

cong thuc [13]:
V4
oopf Yo

Véi Rva V, 1an lugt 1a 4p suat va thé tich ban du cua b tich dp, X,1a do dich chuyén piston; » 1a hé s6
gidin né nhiét (dao dong tir 1.40 dén 1.70). Hé sb Cyis duoc xac dinh theo [13]

6| L 2L, 2 2Ly
C\/is = + A - Ak:, 3
K Rot} th%j( A Rt } @)

Trong do, L 14 chiéu dai xi lanh trong, g Ia khe hé vong gilta xi lanh trong va ngoai. Ban kinh trung binh
cua khe ho vong va cuc trung gian lan lugt 12 Ry va R,. Chiéu dai cuc tir va khe hé cta co ciu van trong
giam chdn MR 14n lugt 14 Ly VA tn. Ngoai ra, lyc giam chan gay ra boi MRF duoc tinh theo [14]:

Fus = (28, — A) 20, (4)

m

Pé tinh lyc giam chin giy ra boi MRF trong giam chdn MR, ung suat chay cam tung Ty, phu thudc vao
cuong do tur thong di qua khe MRF, dugc udc tinh theo cong thuc thuc nghiém sau [18]:
7, =2.717-10° - C - ®"*** . Tanh(6.33-10° - H) (5)
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Trong d6 13 tmg suit chay cam tng Ty (Pa). H va @ lan luot 1a cuong do tir thong (A/m) va ti 18 thé tich
sit c6 trong MRF. C 1a h¢ s6 phu thudc vao cht 16ng nén, vi C = 1.0 (dau hydrocarbon), C = 1.16 (nudc),
va C = 0.95 (dau silicon). )
Ngoai ra, ¢ la h¢ so phu thudc vao bién dang van toc dong chay trong khe MRF va c6 gia tri dao dong tir
2.07 dén 3.07. Gia dinh d6 nhét cua MRF 14 hang so ( bang 0.092 Pa.s). Hé so0 (€) dugc xac dinh so bd theo
cong thuc [14]:

=207+ 2Xoh (6)

12%, Aoy + 0.8 Ritmzy

Mat khac, ti s giita lyc giam chan & trang thai c6 tir truong va khong tir truong 12 pham vi dong hoc ()
ctia giam chan MR (ti s gitra luc cuc dai khi cAp dong dién tdi da véi Iyc khi khong cap dong dién), duoc
tinh theo [14]:

ﬂd:

F _ P.A + Cvisxp + FMR,max Sgn(xp) (7)
I:d - I:MR PaAs +CvisXp
Phan bd cuong do tir trudng trong mach tir cia giam chin MR dong vai trd quan trong trong viéc phan tICh
déc tinh cua giam chan MR. Hinh hoc mach tir, dic tinh vat li¢u (quan h¢ cua hai thong s6 B-H), thong so
chia lu6i (loai phan ti, kich thuéc luéi), dong dién ap dung va diéu kién bién déu 1a nhitng dau vao can
thiét dé mo phong mach tir cuia giam chdn MR. Cu thé, so d6 mach tir uéc lugng cia giam chdn MR duoc
trinh bay trong Hinh 3.

Khe MRF

Cuén day

Than vo

Truc tim
Hinh 3: So d6 két cau ctia giam chan

Vé cac bién kich thudc, co ba dang chinh: bién thiét ké (c6 thé thay ddi trong qué trinh tdi wu), bién hang
s6 (khong thay doi trong toi wu), va bién phu thude (bi anh huéng boi hai loai trén). Céc bién kich thude
dugc sir dung trong Hinh 3 bao gdm: bé day vo giam chan (th), chidu cao van (Hy), chidu dai cuc tir (L),
bé day day vo (Lmi), khe hd MRF (t), bé day cuc trung gian (tip), bé rong cudn day (W), ban kinh trung
binh cyc trung gian (R1), ban kinh van (Ry), va ban kinh 16i van (Rc). Ngoai ra, cac canh ngoai cta vo dugc
xéc dinh 1 duong bién cua trudng tir voi diéu kién bién 1a dudng st tir song song. Can luu ¥ rang bé rong
cudn day bi rang budc theo diéu kién sau: W, >ty + 2t

Sau d6, phén tich mach tir cia giam chian MR duoc thyuc hién bang phuong phép phan tir hitu han (FEM)
dugc tich hop trong phan mém ANSYS. Phan tir tir giac (phan tir d6i xing truc PLANE 13) trong ANSYS
APDL dugc st dung trong FEM dugc trinh bay trong Hinh 4.
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Than vo Cuye trung gian

I
* Khe MRF

Cudn diy

Truc Liam chén

Hinh 4 — M5 hinh phan tir hitu han phan tich mach tir giam chan MR
Khi phén tich tinh chét tir ctia cac thanh phan tir nhu vo (thép C45), duong cong B-H cua thép C45 duge
sir dung. Nguoc lai, o tham tir twong dbi ctia cac thanh phan khéng tir nhu cudn day (déng) va cuc trung
gian (thép khong gi khong tir) duoc gia dinh bang 1.0 trong nghién ciru nay (tuong ng vdi khong khi).
Dién tro suét ciia dong dung trong cudn day ciing dugc xét dén. Luu chit MRF thuong mai loai MRF132-
DG ctia hing LORD duoc sir dung trong nghién ctru nay. Pudng cong B-H biéu dién tinh chit tir cia MRF
dugc biéu dién bang cong thirc sau [18]:

B=1.91-0""%[1-exp(-10.97 s - H) ]+ o - H (8)

Trong d6, B 12 mat do tir truong (Tesla), H 1a cudng d6 tir trudng (A/m), 1a do tham tir cua chan khong
(Tm/A).

Bang 1 va Bang 2 1an luot tom tit cac bién kich thudc va bién hang s6 cia giam chan MR. Hinh 5 14 luu
d6 quy trinh mé phong dic tinh ctia giam chin MR bang phan mém ANSYS APDL. Hinh 6 trinh bay két
qué phan tich tir truong clia giam chin MR véi cac bién thiét ké tuy y trong mé phong ANSYS. Ngoai ra,
cuong do tir thong trung binh di qua khe MRF can duoc xac dinh dé phan tich hanh vi cia MRF trong khe
Iru chat, vi cuong do tir thong tai khe thay doi theo vi tri. Do d6, gia tri trung binh ciia cuong do tir thong
trong khe dugc xac dinh bang cach tinh tich phan cua tir thong doc theo ting dudng di (P1va P2 nhu thé
hién trong Hinh 6a).

Dinh nghia cac théng s kich Xac dinh dong dién ap dung
thude cua giam chén (bao gém » vio cuén diy va diéu kién bién
cac phuong trinh rang bugc) cua mach tr
'
v Giai bai toan phan bé tir trudong
Xac dinh mo6 hinh hinh hoc cua trong mach tir
mach tir bd giam chin (x4c l
dinh cac dwong va dién tich)
Xac dinh cuong d6 tir treong

trung binh tai khe MRF

A 4

Gan thudc tinh vat liéu cho cac v
vung thich hgp cia mach tix Xac dinh tng suat chay cua
MRF tai khe MRF

Y

A 4

Xac dinh théng s6 ludi phan tir

: P b ] Gia tri thu dugce boi phuong
(meshing) dé tang do6 chinh xéac trinh (1) v (7) dé xac dinh cac
cua ket qua théng s6 hiéu suit ciia bd giam
| chdn MR
Hinh 5: Luu @6 m6 phong phan tich déc tinh giam chan
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Bang 1: Bién thiét ké

Tham sb kich thudc Loai Gia tri(m)
Chiéu dai cuc tir L, Thay doi 0.01
Bé day khe MRF t,, Thay doi 0.0008
Bé rong cudn day w, Thay do6i 0.006
Thanh mong vo t, Thay doi 0.004
Bé day cyc trung gian ¢;,, Thay doi 0.002
Bé day day vo L, Thay doi 0.005
Ban kinh tryc Piston R, Hang s6 0.006
Chiéu dai long xi lanh L Hang sO 0.1
Chiéu cao van H, Hang s0 0.03
Banh kinh van R,, Hang s6 0.02
Bang 2: Cac bién héng s6 co hoc, vat liéu va dién

Bién khong thay d6i Loai Gia trj

Van toc Piston x,(m/s) Co hoc 0.4

Ap suat khong khi ban dau P,(kPa) | Co hoc 101.3

Thé tich ban dau V, (ml) Co hoc 100

Dién trd day pyire (. m™1) Vit liéu, dién | 1.68 x 1078

Dong dién &p dung I(A) Dién 2.50

Dot nhot MRF ban dau n(Pa.s) Vit liéu 0.092

Puong kinh diy dong d,y (M) bién 0.00052

298E-14 517573 1.035 1.553

(a) Bién dang duong strc tir (b) Phan bb mat do tir trudng

I —
10z.263 121852 243883 487663

6104 182937

(c) Cudng do tir thong
Hinh 6: Phan tich tur tinh caa giam chan MR
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3. TOI UU HOA GIAM CHAN MR SU DUNG ANSYS WORKBENCH

Bai toan tbi uu da muc tiéu cho giam chin MR dugc thyc hién dya trén hai yéu t6 quan trong: lyc giam
chin cuc dai do hiéu ung MR giy ra va pham vi dong hoc cuc dai. Muyc ti€u la tim lyc giam chan 16n nhit
(OBJy) duoc xac dinh bai phuong trinh (1) va pham vi dong hoc 16n nhat (OBJ,) xac dinh boi phwong trinh
(7). Tuy nhién, hai tiéu chi quan trong trong thiét k& cho hé théng treo can dugc xem xét do la sy thoai mai
khi lai va hanh trinh treo (hay con goi la pham vi dong hoc). D¢ giam hanh trinh treo, cin c6 luc giam chan
cao. Ngoai ra, dé tang su thoai méi, pham vi dong hoc can 16n trong khi lyc giam chan can nho. Xét cac
tiéu chi néu trén thi ham muc tiéu (OBJ) sau dugc dé xuat:

OBJ = atr 4+ g 2

I:d,ref ﬂd,ref
Trong do, cac gia tri tham chiéu cua luc giam chin va pham vi dong hoc lan luot 1a Faret » Ad.rer , gla tri nay
thu dugc tir phan tich giam chin MR véi cac bién thiét ké ban dau da néu ¢ phan trén. Cac hé sb trong sd
cua lyc giam chin va pham vi dong hoc lan luot 13 ar Va aq. Téng cac hé sb trong ) nay bﬁng 1

(8)

(ar +aq =1) . Gia tri cu thé cta ching phu thudc vao timg loai hé thong treo. Vi du, ar néu hé théng
treo dung cho dia hinh x4u thi hé s6 nay can 16n, do d6 chon or =0.8 Va oy =0.2. Nguoc lai, néu mudn tang
su thoai mai, thi ta chon ¢ =0.2 va a4 =0.8

Dé giai bai toan t6i wu (OBJ) néu trén, tic gia st dung cong cu Design Optimization co trong ANSYS
Workbench. Cong cu nay cép nhat cac bién thiét ké béng thuat toan, sau dé sur dung cac gia tri cap nhat dé
chay chuong trinh ANSYS APDL tai mdi vong lap. Cac bién hing s vé kich thudc ciing nhu cac dai luong
vat 1y khac dugc gitt nguyén. Cac tham s6 hiéu suit duoc tao ra tir mdi 1an tinh toan cia ANSYS APDL
dugc luu lai. Sau d6, ANSYS Workbench dung thuit toan t6i wu dé danh gia va xac dinh cac bién thiét ké
t6t nhat cling nhu gia tri OBJ nho nhat.

Trong nghién ctru ndy, c6 6 phuong phap toi wu hoa trong phan mém ANSYS WORKBENCH, gom 3
phuong phap giai bai toan don muc tiéu va 3 phuong phap cho bai toan da muc tiéu:

« Screening: phuong phap nay ding ky thuat iy mau va sap xép don gian. HS trg da muyc tiéu co
rang budc.
e NLPQL: thuit toan quy hoach phi tuyén bing phwong phap Lagrange bac hai, thich hop cho tdi
uu cuc bo muc tiéu don voi cac tham sb lién tuc.
e MISQP: phuong phap lap trinh béc hai tun ty hon hop nguyén, xir 1y bai toan phi tuyén hdn hop
bang cac xap xi tuan tu.
e MOGA: thuat toan di truyén da muc tiéu, tim cuc tri toan cuc bé“lng cach duy tri tinh uvu viét co6
diéu khién.
e ASO: thuat toan tdi vu don muc tiéu thich nghi, dung phuong phap gradient cho két qué toan cuc
rd rang.
e AMO: bién thé cua thuat toan NSGA-IL hd tro t6i wu hoa da muc tiéu va rang budc.
SO’ d6 Hinh 7 mé ta quy trinh t6i wu héa giam chan MR. Cac bién thiét ké duoc xac dinh trong phan 2 1a
“gi4 tri ban dau” cho qua trinh t6i wu. “Gia tri tdi uu” 1a cac bién thiét ké thu dwoc sau khi thuit toan hoi
tu. Két qua va thao luan duoc trinh bay & phén tiép theo.
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Xac dinh ham muc tiéu (OBJ)
bing ANSYS APDL dé phan
tich b giam chidn MR

A

Chon cac thong s dau vao

Thuc hién qua

(bién thiét ké) va du ra (cac
théng sb hidu suit bao gdm
OBI) trong hé thong thanh phin

|

—»|

Trich xuit c4c 1énh duoc sir
dung trong tép phén tich dudi
dang .txt

Gang cong cu ti wu hoa vao
kho1 tham s6 xuat hién sau khi
A a Y A
chon dau vao va dau ra

y
Ung dung thiét k& t6i wu hoa
trong ANSYS APDL ap dung

!

Chon phurong phép téi wu héa
cling nhur cai dat hoi tu va sb
vong lap

A4

Tai tép 1énh .txt vio hé théng

thanh phin APDL dudi dang
tép diu vao va cip nhat

.

y

Chon muc tiéu va rang budc
cho qua trinh toi vu hoa

v

Xic dinh mién gia tri cho céc
thong sb thiét ké (dAu vio)

"| trinh téi wu hoa

]

Tang vong l1ap va thay
61 thiét 1ap hoi tu

Téi wu ¢6
hoi tu chwa?

Cac phuong
phap t&i wu
ap dung

Lap lai quy trinh véi
phuong phap téi wa con lai

Hinh 7: So d6 tdi uu giam chan MR bang ANSYS Workbench

4. KET QUA VA THAO LUAN VE GIAM CHAN MR

Trong nghién ctru nay, toc do hoi ty cua m01 phuong phap t6i wu hoa dugc dat 14 0.1% va sd vong lap toi
da 14 100. Trudc hét, cac tham s6 hiéu suat tham chiéu cta giam chan MR dugc xac dinh tir phan tich voi
cac bién thiét ké ban dau da dé cap. Bang 3 trinh bay cac tham s6 hiéu suit nay:

Béang 3: Tham s6 hiéu suit xac dinh tur

Tham s6 hiéu suat (don vi) Gia tri
Luc tir Fygrer (N) 3860.501
Luc gian cham Fy ¢ (N) 3947.608
Pham vi dong hoC Ay rer 45.318

Trong truong hop hé thong treo dung cho dudng gd ghé, can lyc giam chén 16n nén hé sé trong sé ar duoc

chon 16n. Khi d6, hé s6 trong sb cua luc giam chan va pham vi dong hoc 1an luot 1a o =0.8 VA ay

=02.

Bang 4a va 4b lan luot trinh bay so sanh cac bién thiét ké va tham sb hiéu suat giita bién thiét ké ban dau
va thiét ké t6i uu voi cac _phuong phap t6i wu hoa muc tiéu don (NPLQL MISQP, ASO). Trong khi Bang
4b trinh bay cac gié tri dau ra ctia viéc so sanh cac thong sé hiéu suit gitra cac bién thiét ké ban du va téi

uu.

Béng 4a: So sanh bién thiét ké gitra thiét ké ban dau va thiét ké ti wu

o GiA tri Mién gia tri Gia tri ti uu
Bién thiét ké ban diu Nh?mr;hat Lo?n?)hat NLPQL MISQP ASO
Chiéu dai cyc tir Ly, 0.01 0.003 0.015 0.012477 | 0.012546 | 0.012527
Bé day khe MRF t,, 0.0008 | 0.0005 0.0015 0.000504 | 0.0005092 | 0.0005
Bé rong cudn diy w, 0.006 0.003 0.008 0.008 0.008 0.008
Thanh mong vo t;, 0.004 0.003 0.006 0.004947 |0.004919 | 0.004964
B¢ day cyc trung gian t;;, | 0.002 0.001 0.005 0.001299 | 0.001755 | 0.001
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Do day day vo Ly 0.005 0.003 0.015 0.008167 | 0.008102 0.008155
Bang 4b: So sanh tham s hiéu suét giira thiét ké ban dau va toi uu
L £ . . N Tham s6 hiéu suat t6i uu

Tham s6 hiéu suat (don vi) Gia tri ban dau NLPOL MISQP 23S0
Luc tir Fyz(N) 3860.501 7214.325 7207.286 7252.431
Lyc giam chan F;(N) 3947.608 7501.716 7494.265 7543.627
Pham vi dong hoc 1,4 45.318 26.102 26.112 25.922
Ham muc tiéu OB] 1.0 0.76832 0.76851 0.76825

Céc phép tinh tdi vu hda nham tim ra cac bién thidt ké tdi wu cua giam chan MR bang céc phuong phap
khac nhau déu hoi tu va thu duoc cac bién thiét ke t6i wu. Két qua cho thay gia tri OBJ cua giam chan sau
t6i wu hoa, duoc xac dinh bang cac phuong phép t6i wu hoa khac nhau trong ANSYS Workbench 1a xap xi
bang nhau. Trong trudng hop niy chon ar =0.8,ay =0.2 thi phuong phép t6i wu toan cuc ASO cho gié tri
OBIJ thap nhit (0.76825) sau 63 lan danh gia, trong khi NLPQL va MISQP lan luot can 67 va 80 lan. So
v6i gid tri ban dau, day 1a sy giam khoang 25% gia tri OBJ. Pham vi dong hoc giam nhung luc giam chén
tang 1 rét so véi thiét ké ban dau. Tuy nhién, ASO mat khoang 20 phit — 1au hon NLPQL (10 phut) va
MISQP (12 pht) — do phai tao nhiéu diém thiét ké dé tim cyc tri toan cuc.

O trudng hop khac, khi mudn ting sy thoai mai (cdn pham vi dong hoc cao va luc giam chén thip), cac hé
s6 trong s6 chon 14 ¢ =0.2, g =0.8va Bang 5a, 5b trinh bay cac két qua tdi uu twong tmg. Két qua cho
thiy OBJ ¢ cac phuong phap xp xi bang 0.7825, trong d6 ASO vén cho gi trj thip nhat. Pham vi dong
hoc cai thién dang ké trong khi luc giam chan giam so véi gid tri ban dau.

Béng 5a: So sanh cac tham s thiét k& gitra bién thiét ké ban du va bién thiét ké t6i vu (ar =0.2,04 =0.8)
e Mién gi4 tri Optimal design variable
Bién thidt ké Gld tr s hat | Lon nhat

ban du () () NLPQL | MISQP ASO
Chiéu dai cuc tir Ly, 0.01 0.003 0.015 0.011522 | 0.011527 | 0.011582
Bé day khe MRF t,, 0.0008 0.0005 0.0015 0.001032 | 0.001028 | 0.001037

Bé rong cudn diy w, 0.006 0.003 0.008 0.008 0.008 0.008
Thanh mong vo ty, 0.004 0.003 0.006 0.004973 | 0.004956 | 0.004967
Bé day cuc trung gian t;, 0.002 0.001 0.005 0.001 0.001 0.001053
Do day day vo L, 0.005 0.003 0.015 0.007412 | 0.007403 | 0.007446

Bang 5b — So sanh tham s6 hiéu suit gitia thiét ké ban du va toi wu (ar =0.2,04 =0.8)

Tham sé hiéu suét (don vi) Gia tri tham ) Tham s6 hiéu suit toi uu
: - ban dau NLPQL MISQP ASO
Luec tir g (N) 3860.501 2700.583 2720.845 2691.748
Luc giam chan F,; (N) 3947.608 2737.895 2758.527 2728.654
Pham vi dong hoc 44 45318 73.383 73.054 73.529
Ham muc tiéu OBJ 1.0 0.7825 0.78248 0.78247

Dé c6 cai nhin tdng quat hon vé mdi quan hé gitta luc giam chin va pham vi dong hoc tac gia xem xét
truong hop hai trong s bang nhau o =0.5 va oy =0.5. Bang 6a va 6b trinh bay két qua tdi wu trong
truong hop ar =0.5,a4 =0.5. Phuong phap ASO van cho gi tri OBJ thap nhit (0.91145), véi ca luc giam
chan va pham vi dong hoc déu dugc cai thién so vo6i ban dau.

Tuy nhién, phuong phap téng trong s6 1a phuong phap don gian va nhanh nhét dé 14y nhiéu dlem trén mat
trdn Pareto, nhung ton tai cac han ché nhu khong hiéu qua voi ving 16i va khé chon trong sb sao cho cac
gia tri phan bb déu. Do do, cac  phuong phap t6i wu da muyc tiéu nhu Screening, MOGA, va AMO duoc st
dung dé kiém tra chinh xac mdi quan h¢ giita lyc giam chan va pham vi dong hoc. Khi d6, hai ham muc
tiéu OBJ1 va OBJ2 duogc st dung thay cho OBJ gop.
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Béang 7a va 7b lan luot trinh bay cac bién thiét k& tdi uu va cic thong sd hidu suat ctia giam chan MR khi
sir dung cac phuong phap t6i vu hoa da muc tiéu khac nhau trong ANSYS Workbench. Két qua téi uru cho
théy luc gidm chin thu duoc thép hon so véi khi str dung cac bién thiét ké ban dau, trong khi pham vi dong
hoc lai cao hon so véi cac bién thiét ké ban dau. Tuy nhién, luc giam chin tai diém t6i uu theo phuong phap
Screening lai cao hon so v&i thong sd hiéu suat ban déu con pham vi dong hoc thi nho hon so voi cac
phuong phap khac. Nguyén nhan 1a do phuong phap t6i wu hoa nay duogc biét dén véi cach tiép can thong
qua sip xép va lay mau, trong khi qua trinh tdi uu hoa theo phuong phap nay thuong c6 thoi gian tinh toan
dai va d¢ chinh xac khong cao. Do do, ket qué toi uu cta giam chan MR sir dung phuong phdp Screening
trong nghién ctru nay khong dat duoc t6i wu toan cyc. Hon nita, Iyc giam chan thu duoc tir phuong phap
Screening cao hon dang ké so véi khi st dung bién thiét ké ban dau, trong khi pham vi dong hoc lai nhé
hon. Két qua tbi wu thu dugce tir phuong phap Screening c6 su khac biét 15 rét so v6i cac phuong phap khac
nhu MOGA va AMO.

Bang 7a: So sanh bién thiét ké ban du va tdi uu khi sir dung cic phuong phap tbi

Gid tri Mién gi4 tri Gi4 tri thiét ké tdi uu
Tham so0 thiét ke ban d éﬁ Nh(o n?)hat Lo? nil)hat Screening | MOGA AMO
Chiéu dai cuc tir Ly 0.01 0.003 0.015 0.010548 | 0.011332 | 0.011301
Bé day khe MRF ¢, 0.0008 0.0005 0.0015 0.000796 | 0.000834 | 0.000835
Bé rong cudn day w, 0.006 0.003 0.008 0.007856 | 0.007354 | 0.00726
Thanh mong vo t, 0.004 0.003 0.006 0.004871 | 0.004597 | 0.004595
Bé day cuc trung gian t;;, | 0.002 0.001 0.005 0.002001 | 0.00153 | 0.002088
Do day day vo Ly, 0.005 0.003 0.015 0.007929 | 0.008162 | 0.008208
Bang 7b: So sanh tham s hiéu sut khi su dung cac phuong phap ti khac
Tham sé hiéu suét (don vi) Gia tri tham s Tham s6 hiéu suat toi uu
wu st Vi ban diu NLPQL MOGA AMO
Luc tir Fpir(N) 3860.501 5355.228 3754.636 3758.164
Luc giam chan Fy(N) 3947.608 5505.652 3824.877 3829.061
Pham vi dong hoc 14 45318 36.613 54.506 53.96

5. KET LUAN

Trong nghién ctru ndy, di dwa ra mot quy trinh thiét k& t6i wu cho giam chan MR @ng dung cho xe 6 t6, két
hop phan tich cic dic tinh clia giam chin bang phin mém ANSYS APDL va tdi wu héa bang cong cu
Design Optimization trong ANSYS Workbench. Muc tiéu la xac dinh cac kich thu6c hinh hoc t6i wu cua
cAu trac van trong giam chan MR sao cho ham muc tiéu duoc t01 thleu hoa. M6 hinh déo Bingham dugc su
dung dé xac dinh lyc giam chan va _pham vi dong hoc, 1a hai yéu td tao nén ham muc tiéu tong trong sd.

Cac h¢ sd trong s6 duoc Iya chon de thoa mén hai ti€u chi d6 1a sy thoai mai khi 14i va hanh trinh treo, v6i
téng trong so bang 1. Cac két qua tdi wu tir cac phuong phap t01 wu khac nhau cho thay gié tri trong sb cao
hon s& chiém wu thé trong két qua dat duoc. Céc bién thiét ké tdi wu tir cac phuong phap cuc bg va toan cuc
kha twong dong, trong do phuong phap toan cuc ASO cho gia tri OBJ thap nhat. Dé kiém tra mbi quan h¢
giita lyc giam chin va pham vi dong hoc thi cac phuong phap t6i uvu da muc tiéu da duoc st dung. Két qua
cho thdy phuong phap MOGA va AMO hiéu qua hon phuong phap Screening, do d6 thich hop cho bai toan
t6i wu hoa da muyc tiéu cua giam chdn MR. Cudi ciing, mdt nguyén mau giam chan MR véi két qua tdi uu
s& duogc ché tao trong twong lai dé kiém tra thuc nghiém cac tham sé hiéu suit cua thiét bi.
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A STUDY ON OPTIMAL DESIGN OF MR DAMPERS USING
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Abstract. The optimization analysis will be extended to prototype MR dampers and evaluate their
performances. This study uses the finite element approach to numerically analyze and optimize dampers
that use magnetorheological fluid (MRF, also called MR dampers). In those other words, this study outlines
how to analyze and optimize MR dampers utilizing the finite element method and design optimization
feature offered by the ANSY'S workbench software. After reviewing the previous studies on MR dampers,
a damper in the form of a monotube damper will be used for the analysis of magnetic circuits and behaviors
in ANSYS Parameter Design Language (APDL). Additionally, based on the Bingham plastic rheological
model of MR fluid, mathematical models of the MR damper will be established such as the damping force
and dynamic range. The ANSYS Workbench Design Optimization Tool subsequently conducts design
optimization by interfacing with APDL which was undertaken to analyze the behavior of the MR damper.
The objective function (OBJ) was established for the MR damper to minimize the objective function derived
for the MR damper at various configurations. From the optimal performances of different methods, a
comparison work on damping force and dynamic range of different optimization methods in ANSYS
Workbench Optimization Tool as well as between initial designs and optimal designs in order to find the
best optimal method for the MR damper.
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